1. Introduction {#s0005}
===============

The International Diabetes Federation has estimated that 382 million adults worldwide have diabetes mellitus. The incidence of diabetes is escalating to epidemic proportions and by 2035, the figure is expected to reach 592 million [@bib1].

Reflecting the upward trend of diabetes, the incidence of gestational diabetes mellitus (GDM) is also spiraling upwards, now affecting up to 5% of all pregnancies worldwide [@bib2]. GDM is defined by glucose intolerance of variable severity that begins in or is first diagnosed during pregnancy [@bib3]. Although most women with GDM commonly revert to normal glucose tolerance after pregnancy, they have an increased risk of developing type 2 diabetes mellitus (T2DM) later in life. In fact, a meta-analysis of 20 retrospective and prospective cohort studies showed that the risk of developing T2DM later in life was 7 times higher in women with GDM than in women without GDM [@bib4].

Appropriate management programs and prevention strategies are strongly recommended for this high-risk group of women with GDM. Breastfeeding has well-known health benefits for the infant; however, its benefits on maternal health were often overlooked or even unknown. Since the 1980s, there has been renewed focus on the health promoting effects of breastfeeding in women, including protection against diabetes [@bib5], osteoporosis [@bib6], and cancer [@bib7].

Here, we critically review the scientific evidence from human and animal studies describing that breastfeeding confers short- and long-term benefits on maternal glucose tolerance and the risk of progression to T2DM in women with GDM. We also describe the effects of breastfeeding on the metabolic profile of women with GDM.

2. Breastfeeding habits of women with GDM {#s0010}
=========================================

Breastfeeding is recommended and encouraged for mothers. Despite its well-recognized benefits on the health outcomes of the mother and child, it has been suggested that the rate of breastfeeding is lower in women with GDM. Unfortunately, the literature on this topic is scarce [@bib8; @bib9].

In a German prospective post-partum study performed between 1989 and 1999 [@bib8], breastfeeding habits were recorded in 257 mothers with GDM, and were compared with the breastfeeding habits of 527 healthy mothers enrolled in the prospective BABYDIAB study between 1989 and 2000. The proportion of mothers with GDM who breastfed their children was significantly lower (75% vs. 86%) and it was continued for a shorter duration (median duration of breastfeeding: 9 vs. 17 weeks) compared with healthy mothers. These values were even lower in women with GDM who required insulin therapy during pregnancy or if they were obese [@bib8].

A retrospective study investigated breastfeeding rates in hospitals and on discharge in women with preexisting diabetes (insulin-treated diabetes and non-insulin treated diabetes before gestation), women with GDM, or women without diabetes [@bib9]. The study showed that women with GDM (*n*=1291) were less likely to breastfeed in hospital or on discharge compared with healthy women (*n*\>23,000). Notably, the breastfeeding rate was lowest in women with insulin-treated diabetes [@bib9].

Several reasons have been proposed to explain the lower rates of breastfeeding in women with diabetes. First, the initiation of breastfeeding may be more difficult for women with insulin-dependent diabetes [@bib10] and overweight/obese women [@bib11] because maternal diabetes and obesity can delay lactogenesis. Matias et al. [@bib12] reported that one-third of women with GDM experienced delayed onset of lactogenesis, and that maternal obesity, insulin treatment, and suboptimal in-hospital breastfeeding were the key risk factors for early breastfeeding failure. Rasmussen et al. [@bib11] proposed that being overweight or obese may affect the hormonal response to suckling in the first week postpartum by impairing the prolactin response, for example, which may contribute to the delayed onset of lactation. Because women with GDM often have a higher body mass index (BMI) than women without GDM [@bib13; @bib14], this could partly explain the lower breastfeeding rates in women with GDM. Second, the higher rates of pregnancy and neonatal complications in women with GDM (e.g. prematurity, cesarean delivery, infant macrosomia, and hypoglycemia) can pose significant challenges to breastfeeding success, as reviewed by Taylor et al. [@bib15]. The rate of early breastfeeding (any initiation or at hospital discharge) was reported to be lower after cesarean section than after vaginal delivery (pooled odds ratio 0.57, 95% confidence interval 0.50--0.64) [@bib16]. Considering that the frequency of cesarean deliveries is much higher in women with GDM than in women without GDM [@bib17], this might contribute to the lower breastfeeding rates in women with GDM. It is also possible that medical management of newborns that involves prolonged separation of the mother and child after birth and the provision of supplemental milk feedings may also interfere with maternal milk production, as reviewed by Taylor et al. [@bib15].

3. Long-term effects of breastfeeding on T2DM development and glucose metabolism in women with a history of GDM {#s0015}
===============================================================================================================

Very few studies have examined the relationship between breastfeeding duration and the incidence of T2DM in women with GDM. To our knowledge, only four studies have investigated whether the favorable effects of breastfeeding persist after weaning and protect women with GDM against T2DM in later life [@bib18; @bib19; @bib20; @bib21] ([Table 1](#t0005){ref-type="table"}). Only one study assessed the development of T2DM in women with GDM for up to 20 years after delivery [@bib21]. Limitations of the studies include a lack of standardized oral glucose tolerance tests (OGTT) at specific times after pregnancy, lack of detailed measures on breastfeeding (i.e. duration and intensity), self-report of GDM or T2DM diagnosis, recall bias regarding lactation duration, lack of control for confounders (e.g. physical activity and diet, differences in postpartum BMI, medication), retrospective study design, and insufficient duration of follow-up.

In a retrospective study, Kjos et al. reported that breastfeeding at 4--16 weeks postpartum (recorded as yes/no) was not associated with the progression to T2DM within a follow-up of 7.5 years after delivery in 671 Latino women with a history of GDM and variable postpartum screening by 2-h plasma glucose levels in an OGTT [@bib18]. In a longitudinal analysis of 91 women included in that study, Buchanan et al., found no difference in the prevalence of diabetes, which was diagnosed based on an OGTT, at 11--26 months postpartum according to breastfeeding status (measured as yes/no) [@bib19]. Maternal BMI was similar between the two groups. However, the duration of follow-up was limited to 26 months and may be too short to detect a difference in the progression to diabetes between the two groups of women because \<30% of women develop T2DM within 2 years of the diagnosis of GDM ([Figure 1](#f0005){ref-type="fig"}) [@bib21].

In a subgroup analysis of the Nurses Health study II [@bib20], a retrospective observational cohort study, breastfeeding did not affect the risk of diabetes in women with GDM, which included \>3000 women (the exact number was not reported) who were followed up for up to 14 years by questionnaires. By contrast, the duration of breastfeeding was inversely associated with the risk of T2DM in young and middle-aged women who were never diagnosed with GDM (\>50,000 women). The authors reported that for every year a woman had breastfed, her risk of developing T2DM was reduced by 15% percent. This protective effect appeared to begin after 6 months of breastfeeding and was independent of maternal BMI and lifestyle behaviors (i.e. amount of exercise, diet, and smoking). However, breastfeeding had a clinically insignificant effect on the risk of T2DM among high-risk women with GDM, with a risk reduction of just 4%. This lack of effect in women with GDM may be due to the retrospective design of the study and that the diagnosis of T2DM/GDM was self-reported.

In 2012, we reported the results of the German GDM study, the first prospective study to show that breastfeeding may be beneficial for the *long-term* protection against T2DM [@bib21]. The study prospectively followed 304 women with GDM from delivery for up to 19 years postpartum for the development of diabetes. As a part of this study, we investigated whether breastfeeding influenced the short- or long-term postpartum diabetes outcomes [@bib21]. Postpartum diabetes developed in 147 women and was dependent on the treatment received during pregnancy (insulin vs. diet), BMI, and the presence or absence of islet autoantibodies. Unsurprisingly, breastfeeding offered no protection from diabetes in women who were antibody-positive at the time of GDM diagnosis, almost certainly because of the ongoing autoimmune destruction of pancreatic β cells. However, in women with GDM without islet autoantibodies, breastfeeding reduced the long-term risk of diabetes by \>40%, and delayed the onset of T2DM by a further 10 years, independent of maternal BMI and insulin use during pregnancy. The risk reduction was greatest for women who continued lactation for \>3 months ([Figure 2](#f0010){ref-type="fig"}). Strengths of the prospective study include the long duration of follow-up (up to 19 years after delivery) and regular screening for T2DM by 2-h OGTTs. Some limitations of the study include limited access to information regarding diet and physical activity postpartum, which possibly contributed to the risk reduction associated with breastfeeding. However, this is the only prospective study to show a sustained, protective effect of lactation against diabetes that was maintained for up to 15 years postpartum in women with GDM. Therefore, the results of the study provide compelling evidence that breastfeeding has substantial *long-lasting* health benefits for mothers with GDM.

If breastfeeding is not possible after birth for medical, personal, or social reasons (e.g. stillbirth, death of a newborn, adoption of the newborn, and maternal/newborn medical conditions) it becomes essential to suppress lactation with medications. So far, there is very little information describing the impact of breastfeeding suppression on subsequent T2DM development. To the best of our knowledge, the only study to investigate this issue was the Nurses Health Study II [@bib20]. The authors found that suppression of breastfeeding with medications (by bromocriptine-related or estrogen preparations) increased the risk of T2DM by 46% compared with women who never breastfed but did not use such medications. Although the study was retrospective and had a considerable variation in follow-up time of up to 14 years, these findings suggest that disrupting the hormonal changes involved in breastfeeding may have significant metabolic consequences [@bib20].

In tentative support of this concept, Kjos et al. [@bib22] found that, in a retrospective study, women with GDM who had chosen to use progestin hormonal contraceptives during breastfeeding nearly tripled their risk of developing T2DM at 7.5 years postpartum compared with the other women included in that study. The annual incidence rate of T2DM in women who used non-hormonal forms of contraception (*n*=443) was 8.7% versus 10.4% in women who used an estrogen and progestin combination oral contraceptive (*n*=383). Meanwhile, the incidence of T2DM was 26.5% in women who used oral progestin contraceptives (*n*=78).

Recently, Chouinard-Castonguay et al. [@bib23] investigated the postpartum insulin and glucose responses in 144 breastfeeding women with a history of GDM between 2003 and 2010 living in the greater Quebec region, Canada. The women performed 75-g OGTTs at a mean of 4 years after the last GDM-complicated pregnancy. At the clinical visit, the breastfeeding duration for each pregnancy was retrospectively self-reported in months, and the total duration of breastfeeding (not necessarily exclusive) for all of the participants׳ infants (with or without GDM) was calculated. At 4 years postpartum, women who reported lactating for ≥10 months (mean 13 months) had a better insulin sensitivity-secretion index, higher homeostatic model assessment of insulin sensitivity and Matsuda indices, lower fasting and 2-h plasma glucose and serum insulin concentrations, lower area under the curve (AUC) for insulin, and less frequently had impaired glucose intolerance, compared with women who lactated for \<10 months. There were no significant differences in postpartum BMI between the two comparison groups. Breastfeeding duration also emerged as an independent predictor of fasting insulin concentrations and insulin sensitivity indices. Of note, the analysis was adjusted for sociodemographic and lifestyle factors, insulin therapy during gestation, and time since last GDM complicated pregnancy. Overall, the results suggest that a longer duration of breastfeeding is associated with improved insulin and glucose responses in women with GDM, and that these associations are independent of lifestyle factors [@bib23]. However, because of the cross-sectional nature of the study, no causal interferences can be drawn and long-term prospective studies are needed to clarify the precise interrelationship.

In summary, evidence from prospective studies that breastfeeding may be beneficial to women׳s health, including the protection against T2DM development in later life, is accumulating but still limited ([Table 1](#t0005){ref-type="table"}). Further large, well-designed, prospective studies with *long-term* follow-up are needed to conclusively determine whether breastfeeding can reduce the incidence of T2DM occurring many years after a GDM-complicated pregnancy. Nevertheless, there is increasing awareness that confounding factors associated with breastfeeding may determine the duration of breastfeeding and the risk of T2DM. These factors, including adequate control of lifestyle behaviors and the metabolic state during pregnancy, must be taken into account in future breastfeeding studies.

4. Short-term effects of breastfeeding on glucose metabolism in women with GDM {#s0020}
==============================================================================

Several human studies have examined whether breastfeeding exerts short-term effects on maternal glucose homeostasis, for example within the first 3--12 months postpartum. Most of these studies had a cross-sectional design [@bib24; @bib25; @bib26; @bib27], although some were prospective [@bib28; @bib29].

In an early cross-sectional study that involved subsequent follow-up assessments, Kjos et al. [@bib24] determined glucose tolerance using 2-h OGTTs in 809 primarily Latino women with GDM. Of these women, 404 chose to breast-feed while 405 did not lactate after delivery. At the first follow-up visit at 4--12 weeks postpartum, glucose and lipid metabolism were improved in the lactating group in terms of significantly lower total AUC for glucose, lower mean fasting serum glucose, lower mean 2-h glucose, and higher mean serum high-density lipoprotein-cholesterol after adjusting for maternal age, BMI, and the use of insulin during pregnancy [@bib24].

A smaller clinical study by McManus et al. [@bib26] assessed postpartum glucose tolerance using the frequently sampled intravenous glucose tolerance test (FSIGT) in 26 Caucasian women with GDM. Fourteen mothers were breastfeeding after hospital discharge, while the other 12 women did not breastfeed. The two groups were matched for age, weight, weight loss by 3 months postpartum, and their exercise habits. At 3 months postpartum, insulin sensitivity, glucose responses, or adiposity (subcutaneous and visceral fact measured by computed tomography) were not significantly different between the two groups. However, the disposition index (DI), which was calculated as insulin sensitivity×acute insulin response to glucose, was significantly higher in breastfeeding women than in non-breastfeeding women. The disposition index represents the ability of pancreatic β cells to compensate for insulin resistance. Accordingly, the results of this study support the concept breastfeeding in mothers with GDM is associated with improved pancreatic β cell function, at least in the short term [@bib26].

In the Atlantic Diabetes in Pregnancy study, O׳Reilly et al. compared the results of a 75-g OGTT performed at 12 weeks postpartum between 300 women with GDM and 220 women with normal glucose tolerance during pregnancy [@bib27; @bib30]. The prevalence of persistent hyperglycemia, defined as impaired fasting glucose, impaired glucose tolerance, or T2DM, was significantly decreased by 10% in women who breastfed compared with women who bottle-fed their infant. Based on these results, the authors concluded that breastfeeding may confer beneficial metabolic effects after a GDM-complicated pregnancy [@bib27; @bib30].

Diniz and Costa [@bib25] conducted a cross-sectional study of 67 Brazilian women with a history of GDM, and found that breastfeeding was inversely associated with the insulin response (AUC for insulin) and the peak insulin concentration during the OGTT at 12--18 months postpartum. Accordingly, their study showed, for the first time, a protective effect of breastfeeding that was maintained beyond 1 year postpartum. However, the results of that study should be extrapolated with caution because of its methodological weaknesses.

An important limitation of the studies by Kjos et al. [@bib24] and Diniz and Costa [@bib25] is the fact that 50--60% of women with GDM were breastfeeding at the time of the postpartum OGTT. Consequently, it is unclear whether the findings reflect a sustained effect of breastfeeding or the metabolic state during lactation.

In this context, the results of the Study of Women, Infant Feeding, and Type 2 Diabetes (SWIFT) [@bib31] seem particularly interesting. SWIFT was a large, prospective, observational cohort study that enrolled and followed women with GDM. As a part of that study, Gunderson et al. prospectively examined the metabolic effects of breastfeeding during an OGTT [@bib28]. Of 835 lactating women with GDM, 205 breastfed their infants for a mean duration of 15 min during the 2-h OGTT, was generally performed at 6--9 weeks postpartum. Breastfeeding was associated with a small but significant reduction in the 2-h glucose concentration (mean reduction 5%) and the 2-h insulin concentration, as well as higher insulin sensitivity indices at 0 and 120 min. However, there were no differences in the fasting plasma glucose or fasting serum insulin concentrations. These findings indicate that breastfeeding has immediate effects in terms of reducing glucose and insulin concentrations within 2 h after a glucose challenge.

SWIFT was primarily designed to assess whether prolonged, intensive breastfeeding reduced the 2-year incidence of T2DM among women with GDM relative to formula feeding. In a recent analysis of 522 mothers at 6--9 weeks postpartum, Gunderson et al. [@bib29] found that women who were exclusively breastfeeding or mostly breastfeeding at this time had lower fasting plasma glucose and lower fasting and 2-h serum insulin concentrations, as well as improved insulin sensitivity indices compared with women who were exclusively or mostly formula feeding. These results suggest a dose--response relationship between increasing intensity of breastfeeding and improvements in fasting plasma glucose, fasting and 2-h insulin and insulin sensitivity at 6--9 weeks postpartum. The mean fasting plasma glucose concentration was 4--5 mg/dL lower in exclusively breastfeeding women than in women who were exclusively formula feeding. The prevalence rates of T2DM and prediabetes at this time were also significantly lower in women who were breastfeeding at 6--9 weeks postpartum, with rates of 3.3% and 24.6%, respectively, in women with GDM who exclusively breastfed (*n*=211) compared with 3.7% and 41.5%, respectively, in women who exclusively or mostly formula fed (*n*=135). When stratified by maternal obesity, the relationship between glucose intolerance categories and infant feeding groups remained in obese women (*n*=241). An important strength of SWIFT is that it was the first large-scale, prospective, community-based study involving \>1000 diverse women with GDM. It included detailed assessments of breastfeeding duration and glucose tolerance, and accounted for numerous potential confounders, including physical activity, dietary intake, sleep, maternal BMI, sociodemographic, time since birth, fasting parameters, and breastfeeding behavior before the test. Further results of this study are eagerly awaited, particularly the incidence rates of T2DM at 2 years postpartum.

In summary, the findings from human studies seem to support the concept that breastfeeding has favorable *immediate* and *short-term* effects on glucose homeostasis. However, very few studies have examined whether breastfeeding has *long-term* benefits on glucose homeostasis several years after a GDM-complicated birth [@bib23]. Therefore, it is vital that studies evaluate glucose tolerance or β cell function several years after stopping breastfeeding after a GDM-complicated birth.

5. Mechanisms underlying the possible protective effects of breastfeeding against progression to T2DM {#s0025}
=====================================================================================================

Epidemiologic studies suggest that breastfeeding reduces the risk of progression to T2DM after a GDM-complicated pregnancy. However, the pathways underlying these protective effects of breastfeeding are still poorly understood, and most relevant studies in this context have focused on animal models ([Figure 3](#f0015){ref-type="fig"}).

In rodent studies, lactation decreases blood glucose and plasma insulin concentrations in the postpartum period [@bib32; @bib33], with reductions of 20% and 35%, respectively, in lactating rats at 12 days postpartum compared with non-lactating rats [@bib32]. Lactation was also reported to improve insulin resistance [@bib33]. The mammary gland expresses insulin receptors and is extremely sensitive to insulin during lactation [@bib34]. Therefore, Jones et al. [@bib33] suggested that the lower plasma insulin concentrations during lactation are primarily due to increased insulin sensitivity as a result of increased glucose disposal by the mammary gland.

Results of an early human study by Butte et al. [@bib35] indicated that circulating glucose could be preferentially diverted to the mammary gland via an non-insulin-independent pathway to satisfy the demands of lactogenesis. This diversion may reduce the glucose load on pancreatic β cells and preserve long-term insulin production.

Breastfeeding-related hormones, such as prolactin, may also play an important role in the regulation of insulin secretion and glucose homeostasis. For example, prolactin stimulates insulin secretion from rat pancreatic islets or isolated β cells [@bib36; @bib37; @bib38]. One mechanism underlying this effect might involve downregulation of menin, as observed in pregnant animals. Menin is a protein expressed from the *Men1 gene* which regulates islet cell proliferation by histone-methylation. The overexpression of the protein had anti-proliferative effects on β cells, leading to impaired glucose tolerance in the pregnant animals. Of importance, *Men1* expression is regulated by prolactin [@bib39]. Further evidence for a stimulatory effect of prolactin came from mice with targeted deletion of the prolactin receptor. These mice had reductions in pancreatic islet density and β cell mass, together with blunted insulin secretory responses to glucose compared with wild-type littermates [@bib40]. Physiologically elevated prolactin levels induce normal adaptive processes, including expansion of the β cell mass and improvements in hepatic insulin sensitivity, that ultimately increase glucose-stimulated insulin secretion in diabetic rats [@bib41]. Animal and human studies have clearly shown that the β cell mass influences the insulin secretory capacity and the risk of developing T2DM [@bib42; @bib43]

Women with GDM have a chronic defect in pancreatic β cell function [@bib44; @bib45; @bib46] and that their β cell function declines within 1 year postpartum [@bib47]. Therefore, the amelioration of insulin resistance, which is common in women with a history of GDM, may be a critical target for the preservation of β cell function and the prevention of T2DM [@bib48]. In this context, a comparison of the effects of breastfeeding and treatment with an insulin-sensitizing drug, such as thiazolidinediones (peroxisome proliferator-activated receptor-γ \[PPARγ\] agonists) may be of interest. In the Troglitazone in Prevention of Diabetes study [@bib48], 266 women with GDM were randomized 1:1 to either pharmacological treatment with troglitazone for 3 months or placebo within 4 years after delivery. The risk of progressing to T2DM was 55% lower in the troglitazone group at a median follow-up of 42 months. This protection from T2DM was closely associated with the initial reductions in endogenous insulin requirements and with the preservation of pancreatic β cell function. In other words, a reduction in the secretory demands placed on β cells otherwise induced by chronic insulin resistance greatly reduced the risk of progression to diabetes. Unloading of β cells may also be relevant to breastfeeding, even though breastfeeding may improve insulin sensitivity via mechanisms distinct from those of PPARγ agonists [@bib49].

Prolactin and PPARγ agonists directly or indirectly modulate the transcription factors STAT5 and PPARγ, and the expression of lipoprotein lipase (LPL). These co-factors are expressed in breast, adipose tissue, and skeletal muscle, and regulate each other׳s expression through negative feedback. PPARγ agonists redistribute intracellular lipid from insulin-responsive tissues (e.g. liver and muscle) to insulin-sensitive adipocytes. It was suggested, that lactation improves postpartum insulin sensitivity by mobilizing lipids derived from liver and muscle (non-adipose tissues) into breast milk rather than redirecting lipids into adipocytes that are already enlarged. In the postpartum period, non-lactating, insulin-resistant women may be more likely to store lipids in non-adipose tissues, further disrupting the balance between insulin secretion and insulin sensitivity [@bib49].

Of interest, repeated pregnancies without lactation seem to disrupt glucose homeostasis. For example, Zhong et al. [@bib50] reported that, after three cycles of pregnancy without lactation, there was a marked deterioration in glucose regulation in rats, in terms of fasting hyperglycemia and insulin resistance, together with a higher rate of spontaneous abortion during the third pregnancy, compared with rats that had lactated after each gestation. Bromocriptine use to suppress lactation in postpartum women may disrupt mechanisms of appetite regulation [@bib20], because bromocriptine administration to lactating rats not only decreased milk production, but also impaired patterns of dietary intake and leptin release, compared with weaning rats whose pubs were removed from the nest [@bib51].

Little is known about the role of the circulating metabolite profile after a GDM-complicated pregnancy on the long-term risk of developing T2DM. It was recently reported that serotonin acts downstream of lactogen signaling to stimulate β cell proliferation in pregnant mice [@bib52]. Blocking 5-hydroxytryptamine receptor-2b signaling suppressed β cell expansion and caused glucose intolerance. However, the role of serotonin in regulating β cell mass after birth in women with GDM, particularly during the breastfeeding period, is poorly understood and animal studies are needed to examine how serotonin and/or associated metabolites may influence maternal progression to T2DM in the postpartum period.

6. Social impact of breastfeeding {#s0030}
=================================

Many mothers are aware of the benefits of breastfeeding for their babies, but the benefits on the mother׳s health are often overlooked. It is now becoming clear that breastfeeding not only provides mothers with GDM with immediate, short-term benefits after birth (e.g. improvements in glucose tolerance), but also with long-lasting health benefits that include prevention of metabolic syndrome [@bib53], T2DM [@bib21; @bib29], and preservation of β cell function [@bib23].

The decision of a mother to start and continue breastfeeding is usually based on the benefits for the baby. Considering the emerging data regarding the benefits of breastfeeding in women with GDM, it is essential that healthcare providers educate women with a history of GDM on the potential benefits for their own future health, help support mothers to continue breastfeeding if they experience perinatal problems. Women with GDM breastfeed less frequently and for shorter durations than healthy women [@bib8; @bib54]. These differences are especially apparent in obese women and in those with severe GDM. The onset of breastfeeding is also frequently delayed in women with GDM [@bib12; @bib55]. The higher rates of obstetric and neonatal complications might explain the lower breastfeeding rate and high frequency of unsuccessful breastfeeding in this population [@bib15]. Counseling on the benefits of breastfeeding for the mother and child should be provided by certified nurse midwives before delivery. However, it was reported that the discussions of breastfeeding at the first prenatal visit to an obstetric clinic were infrequent (in just 29% of women), brief (mean duration 39 s), and initiated by clinicians in an ambivalent manner [@bib56]. Healthcare professionals should have an adequate knowledge of the process of breastfeeding and be able to apply a problem-solving approach to address the difficulties that women with GDM may encounter to provide appropriate evidence-based care. On the basis of these findings, we suggest that breastfeeding education programs delivered to healthcare professionals should be optimized to encourage knowledge transfer to women, particularly for high-risk women, such as those with GDM.

Recommendations for the length of breastfeeding do not differ among women with diabetes, women with GDM, and women without diabetic complications during pregnancy. The World Health Organization recommends exclusive breastfeeding until 6 months of age, and that breastfeeding should be continued with appropriate complementary foods for 2 years or longer [@bib57]. Breastfeeding for ≥3 months should be encouraged in women with GDM because it reduces the risk of or delays the onset of T2DM in women with GDM [@bib21].

7. Breastfeeding as low-cost intervention for preventing T2DM {#s0035}
=============================================================

The personal costs of T2DM and its complications (e.g. heart disease, stroke, and death) are enormous, not to mention the financial burden placed on the healthcare system. Recently, the estimated life-time direct medical costs of treating T2DM and its complications in women at ages 25--44 years and 45--54 years was estimated to be \$130.800 and \$111.400, respectively [@bib58]. Although women have fewer T2DM derived complications, women have greater medical costs than men, primarily because they on average life longer than men. The cost of breastfeeding education programs are likely to be minimal relative to the cost of treating a patient with T2DM, but future studies on the cost-effectiveness of breastfeeding in terms of avoidance of T2DM need to be conducted. The onset of T2DM is preventable or can be delayed in many patients by adequate lifestyle changes, including increased physical activity, healthy eating, and weight loss [@bib59]. In the light of emerging data, *breastfeeding* may also represent a lifestyle factor for preventing T2DM. In high-risk groups, such as women with GDM, and in women with a low socioeconomic status, breastfeeding may offer a safe and feasible low-cost intervention to prevent T2DM development. Support should be provided to instruct and encourage breastfeeding, especially for women with GDM.

8. Conclusion and further perspectives {#s0040}
======================================

In conclusion, the results of observational studies and a small number of prospective studies suggest that breastfeeding is associated with improvements in glucose and lipid metabolism together with reduced risk of T2DM in women with GDM. However, because women who breastfeed are more likely to engage with other healthy behaviors and are more likely to be highly educated or have a lower BMI, the results of observational and retrospective studies must be interpreted with caution. It is essential to prospectively collect data, including the duration and intensity of breastfeeding, changes in lifestyle behaviors, body weight, and biochemical factors during the reproductive years, and to control for metabolic disorders before pregnancy, maternal BMI, time postpartum, and breastfeeding at follow-up OGTT to avoid residual confounding and reverse causation. The limited data available to date highlight the need for prospective studies with a long duration of follow-up that ideally involve assessments of biomarkers to substantiate the aggregating epidemiological evidence that breastfeeding reduces the risk of T2DM in later life. Future studies should also elucidate the molecular and physiological mechanisms involved in the protective effects of breastfeeding on the development of T2DM many years after a GDM-complicated pathway. In particular, we recommend metabolomics studies, as well as studies examining the underlying signaling pathways to identify new physiological and pharmacological targets for preventing T2DM.
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###### 

Overview of long-terms studies of women with GDM that examined the association between breastfeeding and subsequent risk of T2DM or metabolic disorders.

  **Author, year**                              **Study design, year**                                                                                                **Study population, location**                           ***n***                                                                             **Breastfeeding assessment**                                                                               **Method of T2DM diagnosis**                          **Follow-up time postpartum**                                                                        **Main findings**
  --------------------------------------------- --------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------- ----------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------- ----------------------------------------------------- ---------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Kjos et al. (1995) [@bib22]                   Retrospective analysis 1997--1994                                                                                     Latino women, Los Angeles, USA                           671                                                                                 At 4--16 wk postpartum; questionnaire (yes vs. no)                                                         75-g 2-h OGTT                                         Variable (within 7.5 yr)                                                                             Breastfeeding at 4--16 wk postpartum was not associated with progression to T2DM within 7.5 yr
  Buchanan et al. (1999) [@bib19]               Longitudinal study 1993--1997                                                                                         Latino women, Los Angeles, USA                           91                                                                                  At 11--26 months postpartum (yes vs. no)                                                                   75-g 2-h OGTT and IVGTT                               11--26 months (15-month intervals after pregnancy)                                                   No significant differences in T2DM diagnosis or OGTT results according to yes/no breastfeeding status (25% vs. 15.4%)
  Stuebe et al. (2005) [@bib20]                 Retrospective cohort 1989--2003                                                                                       Subgroup of the Nurses Health Study II, 14 states, USA   Not explicitly stated; estimated to be \>3000 based on the number of person years   Total breastfeeding duration for each pregnancy; questionnaires distributed in 1993, 1997, and 2003        Self-report of T2DM; confirmed using medical charts   Variable (up to 14 years postpartum)                                                                 No effect of breastfeeding on risk of T2DM (HR 0.96; 95% CI 0.84--1.09) after adjusting for lifestyle factors, sociodemographic factors, family history of diabetes, and BMI
  Ziegler et al. (2012) [@bib21]                Prospective cohort 1989--1999                                                                                         Caucasian women, Munich, Germany                         264                                                                                 Duration ≤3 vs. \>3 months; prospectively recorded by questionnaires at 9 months and 2 years after birth   75-g 2-h OGTT during each follow-up visit             For up to 19 yr postpartum (follow-up at 2 and 9 mo, and 2, 5, 8, 11, 15, and 19 years postpartum)   Breastfeeding for \>3 months decreased the risk of T2DM by \>40% (HR 0.54, 95% CI 0.34--0.85) after adjusting for islet autoantibodies, family history of diabetes, maternal BMI, age, and smoking
  Chouinard-Castonguay et al. (2013) [@bib23]   Cross-sectional study. Data recorded in 2009--2011 for women with a GDM-complicated pregnancy between 2003 and 2010   Women from the Quebec region, Canada                     144                                                                                 Total breastfeeding duration for each pregnancy; retrospective self-report                                 75-g 2-h OGTT                                         Variable (1--7 yr postpartum; mean 4±1.9 yr)                                                         Breastfeeding increased insulin sensitivity (HOMA-IS), decreased fasting insulin, 2-h insulin, and AUC insulin Breastfeeding for \>10 months improved glucose tolerance, and increased insulin sensitivity and insulin secretion/insulin sensitivity

AUC: area under the concentration curve; CI: confidence interval; GDM: gestational diabetes mellitus; HOMA-IS: homeostatic model assessment of insulin secretion; HR: hazard ratio; IVGTT: intravenous glucose tolerance test; OGTT: oral glucose tolerance test; mo: months; T2DM: type 2 diabetes mellitus; wk: weeks; yr: years.
